Rice type tartary buckwheat is used as a substitute for rice in many Asian countries due to its easy dehulling character. The objective of the present study was to determine the chlorophyll, total polyphenol (TP), total flavonoid (TF), antioxidant activity and to quantify the bioactive compounds rutin, quercetin and chlorogenic acid in the seedlings of rice-type tartary buckwheat (RTTB). Young seedlings exhibited higher antioxidant (DPPH radical inhibition) activity in dose dependent manner. TP and TF content were highest (3017.46 ± 201.84 ㎍ TAE /100 ㎎ dw and 1916.0 ± 102.95 ㎍ QE / 100 ㎎ dw respectively) in 3 days after germination (DAG) seedlings compare to 6 and 9 DAG. The contents of rutin and quercetin increased with growing stage of seedlings. However, the chlorogenic acid decreased with increasing growth. Overall, RTTB seedlings can be regarded as a strong source of phenolics and have high possibility for food and nutraceutical application due to their efficient antioxidant properties, higher chlorophyll and phytochemical content.
Introduction
Buckwheat is an annual plant belonging to the family Polygonaceae and is cosmopolitan in nature. This plant is considered as a functional food as it is rich in phenolic compounds including rutin, quercetin, orientin, vitexin, isovitexein and isoorientin (Hagels et al., 1995, Li and Zhang, 2001 ). Among these compounds, rutin has been recognized as a major antioxidant component that accounts for about 85-90% of the total antioxidant activity (Morishita et al., 2007) . Rutin is also known to have anti-inflammatory, anticarcinogenic effects (Liu et al., 2008) and is effective for preventing hemorrhagic disease and arteriosclerosis (Fabjan et al., 2003) . Other bioactive compounds like quercetin and chlorogenic acid present in buckwheat have been identified as strong antioxidants, antimicrobial, antifungal (Bowels and Miller, 1994) , anti-angiogenesis and anticancer (Jackson and Venema, 2006) agent.
Apart from phenolic compounds, chlorophylls are also a major component in green plants. Commonly two types of chlorophyll, a and b, are found in terrestrial plant. These chlorophylls absorb the light in the process of photosynthesis that converts light energy to chemical energy. These days, chlorophylls are used for the supplementary food because of its important health benefit role to human body. Researches have shown that the chlorophylls can be used for the treatment of different acute and chronic suppurative diseases (Benjamin, 1940) . Chlorophyll derivatives have been considered as an antiproliferative effect (Chiu et al., 2003; Gomaa et al., 2012) . Therefore, in this study it is worthy to analyze the chlorophyll content in the seedlings of the rice type tartary buckwheat.
Nowadays, buckwheat seedlings and sprout have gained popularity due to the functional compounds present in them and are considered as a new vegetable (Kim et al., 2001) . So far, several researches have been reported regarding the phenolic content, antioxidant activities, and biological effects of the buckwheat sprouts (Kim et al., , 2006 Liu et al., 2008; Chang et al., 2010) . Compared to common buckwheat, tartary buckwheat is known to have higher flavonoid content, mainly rutin. Recently, another type of tartary buckwheat known as rice-type tartary buckwheat (RTTB) has gained much attention due to its unique character of being readily dehulled. This RTTB is used as a substitute for rice in some parts of Nepal, Bhutan, Inner Mongolia and southwest China Fig. 1 . Seedlings of rice-type tartary buckwheat cultivated in greenhouse (A). B, C and D represent seedlings harvested in 3, 6 and 9 days after germination, respectively. (Wang et al., 2007) . In previous study, Li et al. (2012) 
Materials and Methods

Chemicals
Cultivation and sampling of plant materials
The seeds of RTTB were sown in a greenhouse at 24 ± 3℃ and watered one time in a day. The young seedlings ( Fig. 1) were harvested in 3, 6, and 9 days after germination (DAG).
The harvested samples were washed and dried in an oven at a temperature of 45 ± 1℃. To estimate the fresh weight and moisture content of seedlings another batch of 10 seedlings each in 3 replications were also harvested and dried in the oven.
Preparation of plant extracts
The dried powdered samples (2 g) of seedlings were taken and 100 ㎖ of 100% ethanol was added to each and incubated overnight in a shaker followed by filtration using Advantech 5B filter paper (Tokyo Roshi Kaisha, Japan). The extract was dried using a rotatory evaporator (Eyela digital water bath SB-1000, Tokyo, Rikakikai Co., Ltd. Japan) at a temperature of 40℃. The extracts were vacuum freeze dried and the yield was measured and stored in the refrigerator for further experiment.
Extraction of chlorophylls
The freshly harvested and pre-weighed seedlings were homogenized with 20 ㎖ of 100% ethanol in an extraction tube for 10 min. The extract obtained was centrifuged at 5000 rpm for about 10 min. The supernatant was separated and the maximum absorbance of chlorophyll a and b were determined spectrophotometrically at 666 and 654 ㎚ respectively by means of equations proposed by Lichtenthaler and Wellburn (1983) :
Chlorophyll a = 15.65 A666 -7.340 A654 Chlorophyll b = 27.05 A654 -11.21 A666
Estimation of total polyphenol and total flavonoid content
Total polyphenol (TP) content of samples was estimated using the Folin-Ciocalteu colorimetric method (Ghimeray et al., 2009) . The appropriate dilutions of the extracts were oxidized with 0.2N Folin-Ciocalteu's reagent and then the reaction was neutralized with 10% sodium carbonate. The absorbance of the resulting blue color was measured at 725 ㎚ using spectrophotometer after incubation for 1 hr at room temperature. Quantification was done on the basis of the standard curve of Tannic acid. Results were expressed as ㎍ of Tannic acid equivalent (TAE) per 100 ㎎ of dry weight (dw).
Total flavonoid (TF) content was determined using the protocol of Eom et al. (2008) . Briefly, an aliquot of 1 ㎖ of the sample (1 ㎎/㎖) was mixed with 0.1 ㎖ of aluminum nitrate (10%) and 0.1 ㎖ of potassium acetate (1 M). To the mixture, 3.8 ㎖ of ethanol was added to make the total volume 5 ㎖.
The mixture was vortexed and the absorbance was measured after 40 min at 415 ㎚ using a spectrophotometer (UV, 1800
Shimadzu, Japan). The TF was calculated from a calibration curve (R 2 = 0.999) using quercetin equivalents ( 
Data analysis
All data were expressed as the mean value ± standard deviation (SD) of each experimental group (n = 3). The results were processed using Excel 2010 (Microsoft, Redmond, WA, USA). Kim et al. (2008) .
Results and Discussion
Estimation of fresh weight (FW), moisture and chlorophyll content in seedlings
The chlorophyll pigments are a major source applied in food and neutraceutical products (Mortensen, 2006) . According to other findings the ethanol molecules penetrate lipidprotein bilayers more efficiently than methanol due to higher hydrophobicity (Patra et al., 2006) . Therefore, we also used ethanol to extract the chlorophyll from the seedlings. According to our data, the 3, 6 and 9 DAG seedlings showed higher chlb content ranging from 46.20-47.82 ㎍/㎖compared to chl-a, Fig. 2 . Total polyphenol (TP) and total flavonoid (TF) content in rice-type tartary buckwheat seedlings at 3, 6 and 9 days after germination (DAG). TP content is expressed in ㎍ TAE/100 ㎎dw and TF content is expressed in ㎍ QE/100 ㎎ dw. Bar means standard deviation. Fig. 3 . DPPH free radical scavenging activity (%) of rice-type tartary buckwheat seedlings at 3, 6 and 9 days after germination (DAG). 
Total Polyphenol (TP) and Total Flavonoid (TF) content in seedlings
The TP contents in the extracts of RTTB seedlings were determined from regression equation of calibration curve and expressed in Tannic acid equivalent (㎍ TAE /100 ㎎) of dry weight (dw) of plant material (Fig. 2) . The results revealed that the TP content was highest (3017.46 ± 201.84 ㎍ TAE / 100 ㎎ dw) in 3DAG seedlings. However, 6 and 9 DAG seedlings showed almost similar TP content which was found to be 2257.94 ± 180.43 and 2163.72 ± 154.02 ㎍ TAE /100 ㎎ dw respectively. Similarly, the TF contents of the seedlings at different stages of growth of RTTB were expressed in quercetin equivalent (㎍ QE /100 ㎎) of dry weight (dw) of plant material (Fig. 2) . The TF content followed the similar trend as the TP content. The content was found to be slightly .
DPPH free radical scavenging activity
DPPH is a stable radical with a deep purple color whose reaction with other radicals or compounds leads to loss of color at 517 ㎚. The results are presented in percent inhibition in dose dependent manner (Fig. 3) . At the concentration of 500 ppm, the 3DAG seedling of RTTB showed a higher inhibition of 78.49 ± 1.64%. However, 6 and 9DAG seedling showed 71.55 ± 3.58 and 71.09 ± 2.51% inhibitions respectively.
With similar trend, the 3DAG seedlings showed higher free radical scavenging activity compared to 6 and 9DAG at all 
Quantitation of Rutin, Quercetin and Chlorogenic acid
The quantitative estimation of phenolic compounds (rutin, quercetin and chlorogenic acid) in RTTB seedlings are shown in Fig. 4 (A and B) . The data revealed that rutin was present as a major compound in RTTB seedlings. The average content of rutin in the growing stages of seedlings of 3, 6 and 9DAG were 2267.44, 2528.54 and 2700.80 ㎍/100 ㎎ dw respectively.
The results showed that the rutin content increased with the growth of the seedlings. This increase in the level of rutin content could be due to longer growth in the presence of sun light which increases the rutin contents in buckwheat (Yao et al., 2004 However, comparing the RTTB seedlings with 7 days old common and tartary seedlings used in the previous studies (Sharma et al., 2012) , the contents of chlorogenic acid in 3DAG RTTB seedlings is 2.58 and 1.37 fold higher respectively and the quercetin content is similar to tartary buckwheat but 1.30 fold higher than common buckwheat. In 9DAG RTTB seedlings, the quercetin content is 15.28 and 22.98 fold higher than common and tartary buckwheat (7 days old) seedlings respectively.
Phenolic or flavonoid composition in buckwheat depends upon cultivar, location, growing season, soil type, harvesting times and other environmental conditions (Oomah and Mazza, 1996; Kitabayashi et al., 1995; Hagel et al., 1995) . In our study, we analyzed seedlings of RTTB in different growing stages and observed higher value of chlorophyll (a and b), TP and TF contents. RTTB seedlings also showed a higher antioxidant activity in the DPPH free radical scavenging assay in a dose dependent manner. Likewise, RTTB seedlings contain considerable amount of rutin, chlorogenic acid and quercetin. Therefore, RTTB seedlings which are more potent than common and tartary buckwheat seedlings can be regarded as a strong source of phenolics and has high possibility for food and nutraceutical application due to their efficient antioxidant properties, higher chlorophyll and phytochemical content.
